Abstract: A series of new fluoroquinazolinone 6-8 and 10a-g derivatives was designed, prepared and screened for their in vitro cytotoxic activity against human cancer cell lines MCF-7 and MDA-MBA-231. Compounds 6 (IC 50 = 0.35 ± 0.01 µM), 10f (IC 50 = 0.71 ± 0.01 µM), 10d (IC 50 = 0.89 ± 0.02 µM) and 10a (IC 50 = 0.95 ± 0.01 µM) displayed broad spectrum anticancer activity better than the reference drug gefitinib (IC 50 = 0.97 ± 0.02 µM) against MCF-7. Compounds 10e (IC 50 = 0.28 ± 0.02 µM), 10d (IC 50 = 0.38 ± 0.01 µM), 7 (IC 50 = 0.94 ± 0.07 µM) and 10c (IC 50 = 1.09 ± 0.01 µM) showed better activity than the reference gefitinib (IC 50 = 1.30 ± 0.04 µM) against MDA-MBA-231. Moreover, EGFR and tubulin inhibition assays were performed for the highest active derivatives and showed remarkable results comparing to the reference drugs. In order to assess and explain their binding affinities, molecular docking simulation was studied against EGFR and tubulin binding sites. The results obtained from molecular docking study and those obtained from cytotoxic screening were correlated.
Introduction
Quinazolines belong to a famous class of heterocyclic compounds displaying a diverse and important range of therapeutic activities [1, 2] . They are used as antihypertensive [3] , antibacterial [4, 5] , antiviral [6] , anti-inflammatory [7] , antidiabetic [8] , anticonvulsant, analgesic [1, 9] and anticancer medications [10] [11] [12] [13] [14] [15] . Many quinazolines were reported as anticancer agents having multi-target features [12] [13] [14] . The targets of action of anticancer quinazolines include inhibition of different enzymes, like epidermal growth factor receptor (EGFR), Aldose reductase (AR), dihydrofolate reductase (DFR), folate thymidylate synthase (FTS), cyclic guanosine monophosphate (cGMP) phosphodiesterase, erythroblastosis oncogene B2 (erB2) tyrosine kinase, and cellular-sarcoma (c-Src) tyrosine kinase. Other quinazolines yield their anticancer activity by inhibition of DNA repairing system or tubulin polymerization. There are many other derivatives have dual EGFR/tubulin polymerization inhibitors, like amide derivatives and quinoxalines [16] [17] [18] [19] . Many efforts have been aimed at finding safe and potent molecules with the present chemotherapeutic agents [10] [11] [12] [13] [14] [15] .
Gefitinib, lapatinib and erlotinib are well-known anticancer drugs with quinazoline nucleus that target epidermal growth factor (EGFR) protein kinase [14, 15] . Thymitaq also is a well-known quinazoline anticancer drug that works as a thymidylate synthase inhibitor [12, 13] . The modeling study of these drugs, shown in Figure 1 , revealed that all of these anticancer models have quinazoline moieties containing different substituents. The quinazoline nucleus contains a hydrophobic domain (aromatic ring system) and two electron donor atoms (2N) merged into a heterocyclic ring. The hydrophobic domain joins to different substituents of the aliphatic or heterocyclic ring with different electronic environment systems, while the heterocyclic ring part is substituted in positions 4 or 2. In our previous studies [12, 14] , we reported that structural adjustments through halogen substitution of quinazoline nucleus in position 6 and phenyl substitution in position 3 improved anticancer activity. Moreover, Fluorine substitution could improve the overall pharmacokinetics and pharmacodynamics of the molecule by improving solubility, selectivity, bioavailability and metabolic stability [15, 16] . In addition, bioisosteric replacement of hydrogen by fluorine in position 4 from the phenyl ring makes electronic modulation to reinforce and enhance the binding interaction process [12, 17] .
Based on the excellent anticancer activity of quinazolinones and the effective action of fluoride substitution, we performed this study to present new quinazolinones having the following:
1.
Two fluoride substitutions. One of them attached directly at position 6 and the other one attached indirectly through 4-fluorophenyl at position 2 of quinazolinone.
2.
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Results and Discussion

Chemistry
Preparation of the title compounds of substituted quinazolin-4(3H)-one (6) (7) (8) and (10a-g) is depicted in Schemes 1-4. This approach includes three reactions. The first reaction is benzoylation reaction accompanied by ring closure of 2-amino-5-flurobenzoic acid (1) by stirring it with 4-flurobenzoylchloride (2) to obtain 6-fluoro-2-(4-fluorophenyl)benzoxazinone (3). 
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Cytotoxicity Screening
The 2,3-disubstituted-6-fluoro-3H-quinazolin-4-ones (6-8) and (10a-g) were subjected to cytotoxic screening using two types of breast cancer cell lines (MCF-7) and (MDA-MBA-231) using MTT assay [17] [18] [19] . The IC50 values of screening are listed in Table 1 . (6), (7) and (8). Scheme 3. Synthesis of substituted fluoroquinazolinone derivatives (6), (7) and (8).
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The 2,3-disubstituted-6-fluoro-3H-quinazolin-4-ones (6-8) and (10a-g) were subjected to cytotoxic screening using two types of breast cancer cell lines (MCF-7) and (MDA-MBA-231) using MTT assay [17] [18] [19] . The IC 50 values of screening are listed in Table 1 . The IC 50 values using MCF-7 cell line show that all title compounds have significant activity. Compounds 6, 10f, 10d and 10a display better activity than the reference gefitinib against MCF-7 cell line. Compound 6 (IC 50 = 0.35 ± 0.01 µM), the most active compound, contains iminoindolin-2-one substitution at position 3 of the quinazolinone nucleus. Iminoindolin-2-one has two hydrogen bonding entities (NH) and (C=O), which could help in the tight binding interaction of this ligand with the receptor site by hydrogen bonding. Moreover, the high lipophilic character of this unit comparing to the other single aromatic units might increase the biological activity. Compound 8 (IC 50 = 36.57 ± 1.81 µM), the least active compound, contains a 3-phenylallylideneamino unit at position 3 of quinazolinone ring system, and this unit has two double bonds. These bonds increase the electrophilic characters and might negatively affect the biological activity. The other compounds in this series have intermediate activity between these two compounds ranging from IC 50 = 0.71 ± 0.01 µM to IC 50 = 10.43 ± 1.14 µM. The order of activity of title compounds can be arranged as 6 > 10f > 10d > 10a > 7 > 10g >10e > 10b > 10c > 8. Figure 2 shows the 1/IC 50 values for all derivatives using MCF-7 cell line and explains the variations between them compared to the reference gefitinib.
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EGFR Assay
It is well known that epidermal growth factor receptors (EGFR) are overexpressed in most tumors [19] . These receptors are very important targets for the action of anticancer agents [13, 14] . Many quinazolines, like gefitinib, lapatinib, erlotinib and canertinib, have been reported as strong inhibitors of these receptors, and have great therapeutic potential in cancer treatment [10] [11] [12] [13] [14] [15] . The previous facts encouraged us to examine the EGFR inhibitory activity of the highest active compounds. The results obtained above showed that compound (6) is the most active compound on MCF-7, while compound (10e) is the most active one on MDA-MBA-231. These two compounds were screened for their inhibitory activity against EGFR-TK. The two compounds displayed better inhibitory activity than the reference gefitinib. Compound 6, containing an iminoindolin-2-one substituent at position 3 of the quinazolinone nucleus, had IC50 = 75.2 nM on the MCF-7 cell line. Compound 10e, containing 4-nitrobenzylideneamino at position 3 of the quinazolinone nucleus, had IC50 = 170.08 nM on MDA-MBA-231 cell line. The reference gefitinib had IC50 = 78.04 nM and 299 nM against the two cell lines, as shown in Table 3 . From the previous results, we notice the potency of these derivatives as EGFR inhibitors, but we need further exploration to get more details about their mode of binding with EGFR binding site. 
Tubulin Polymerization Inhibition Assay
Microtubules are involved in cellular division and other essential cellular processes. They are generated by polymerization of α and β-tubulin [19, 20] . Inhibition of this process leads to stopping cellular mitotic division, and therefore, tubulin polymerization inhibition is an essential target in treating various types of cancer [10, 19] . Based on the excellent activity of quinazoline derivatives as tubulin inhibitors [20] , and in order to know the effect of these compounds on tubulin polymerization process, a tubulin assay was performed for the active compound (10d) because it displayed good activity against the two cell lines together (IC50 = 0.89 ± 0.02 µ M)/(MCF-7) and (IC50 = 0.382114 ± 0.01 µ M)/(MDA-MBA-231). The tubulin assay for this compound showed (IC50 = 9.25 µM) compared to the reference colchicine (IC50 =7.35 µ M). This result displays significant activity for this 
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Molecular Docking Study into the EGFR Binding Site
Molecular docking was performed for the most active compound, 6, to explain the predicted mode of binding of the title compounds with EGFR and compare binding affinity of title compounds to that of the reference gefitinib. This molecule was docked inside the binding site of erlotinib in the crystalline structure of EGFR (PDB; 1M17) using the AutoDock software. The co-crystallized erlotinib revealed a medium-strength H-bonding interaction (40%) based on the distance between hydrogen acceptor and hydrogen donor. This interaction was between the N1 atom of quinazoline nucleus and OH of Met769 (distance 2.7 Å). There was also a weak hydrophobic interaction for the aromatic ring and two hydrophobic interactions for the aliphatic side chain (-CH2-O-CH3). Figure 5 shows 2D and 3D interactions of erlotinib with the receptor-site. compound as a tubulin polymerization inhibitor, and this might explain the high cytotoxic activity of these new derivatives based on the tubulin polymerization inhibition mechanism. Further rationalizations and details about the mode of binding of this compound with the tubulin binding site compared to the reference colchicine were explained by the molecular docking study.
Molecular docking was performed for the most active compound, 6, to explain the predicted mode of binding of the title compounds with EGFR and compare binding affinity of title compounds to that of the reference gefitinib. This molecule was docked inside the binding site of erlotinib in the crystalline structure of EGFR (PDB; 1M17) using the AutoDock software. The co-crystallized erlotinib revealed a medium-strength H-bonding interaction (40%) based on the distance between hydrogen acceptor and hydrogen donor. This interaction was between the N1 atom of quinazoline nucleus and OH of Met769 (distance 2.7 Å ). There was also a weak hydrophobic interaction for the aromatic ring and two hydrophobic interactions for the aliphatic side chain (-CH2-O-CH3). Figure 5 shows 2D and 3D interactions of erlotinib with the receptor-site. Compound 6 was able to occupy the EGFR binding site the same way through a hydrogen bonding interaction with Met769, in addition to other hydrogen bonds, which led to better binding with the receptor-site than that of erlotinib. Compound 6 comprised 15% hydrogen bonding between (C=O) and (OH) of Met769 (distance 2.92 Å ), 22% hydrogen bonding between (NH) and Compound 6 was able to occupy the EGFR binding site the same way through a hydrogen bonding interaction with Met769, in addition to other hydrogen bonds, which led to better binding with the receptor-site than that of erlotinib. Compound 6 comprised 15% hydrogen bonding between (C=O) and (OH) of Met769 (distance 2.92 Å), 22% hydrogen bonding between (NH) and Gln767 (distance 2.01 Å) and 13% hydrogen bonding between (NH) and Thr766 (distance 2.46 Å). These interactions led to a better binding energy score, −19.53 Kcal/mol for compound 6, than that of erlotinib, −15.57 Kcal/mol. Figure 6 shows 3D and 2D interactions of compound 6 with the EGFR binding site.
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Compound 10d was docked inside the binding site of colchicine in the crystalline structure of tubulin (PDB; 1SAO) using the AutoDock software to compare binding mode of this compound with that of colchicine. The co-crystallized colchicine revealed H bonding interaction between (C=O) and amino acid residue βLys352 (distance 2.72 Å), aromatic hydrophobic interactions between the six-membered aromatic ring of colchicine and βLeu255 (distance 3.56 Å) and aromatic hydrophobic interaction for the seven-membered aromatic ring of colchicine with both of βMet259 (distance 4.06 Å) and βAsn258 (distance 4.07 Å). When compound 10d docked into this binding site, it occupied the same manner through formation of hydrogen bonding with the amino acid residue βLys352 (distance 2.81 Å) in addition to hydrogen bonding with αAla180 (distance 3.14 Å). There were also aromatic hydrophobic interactions between two aromatic rings and βLys254 (distance 4.07 Å), αSer178 (distance 4.1 Å) and βMet259 (distance 3.31 Å). Binding energy score was −16.89 Kcal/mol for colchicine and −15.12 Kcal/mol for 10d. The binding mode of this compound reflected strong activity as a tubulin polymerization inhibitor. Figures 7 and 8 show 2D interactions of colchicine and compound 10d with the tubulin binding site. 
Materials and Methods
Chemistry
Chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA). All solvents were prepared according to standard methods. Aluminum sheets (Type 60 GF256, Merck, Kenilworth, NJ, USA) of pre-coated silica gel were used for TLC. Spots were identified by exposure to UV-lamp at λ 254 nm. Melting points were measured by Mel-Temp Sigma-Aldrich (St. Louis, MO, USA). and they are uncorrected. IR spectra were measured by using KBr discs and Perkin Elmer spectrophotometer (PerkinElmer, Melville, NY, USA). 1 HNMR and 13 CNMR spectra were measured by Bruker FT-NMR/400 (400 MHz) using DMSO-d 6 as solvents and TMS as internal standard. Mass spectra were measured by Shimadzu (Kyoto, Japan) GC-MS/QP (70 eV). Analyses of C, H, N were measured by Varia elemental analyzer III (Varia, Hanau, Germany). Elemental analysis values were within ±0.4% of the theoretical values. All spectral analyses were done at micro-analytical center, Cairo, Egypt. 2-amino-5-fluorobenzoic acid 1 (0.1 mole) was dissolved in dry pyridine (30 mL), then it was added slowly with continuous stirring to a solution of 4-fluorobenzoyl chloride 2 (0.15 mole) in dry pyridine (30 mL). After complete addition, the mixture was subjected to strong stirring for 1 h. Then, solution of sodium bicarbonate (10%) was added slowly until the effervescence was stopped. The obtained solid was filtered off and washed with cold water repeatedly till there was no smell of pyridine or unreacted 4-flurobenzoyl chloride. The solid was dried and recrystallized from ethanol to afford pure sample of 2-amino-5-fluorobenzoic acid as white crystals. take phosphorylated substrate. Anti-phosphotyrosine and europium-labeled secondary antibodies (DELFIA, Perkin-Elmer, Akron, OH, USA) were used to monitor the level of phosphorylation. At the end of the assay, the enrichment solution was added, and enzyme activity was assessed in the Wallac Victor II 1420 micro-plate reader (Abcam, Milton, Cambridge, UK) at 615 nM [19] .
Tubulin Polymerization Inhibition Assay
The microtubule polymerization assay was carried out in 96-well plates at 37 • C, with 1 mg/mL bovine microtubule-associated protein (MAP)-rich tubulin (Cytoskeleton) and the indicated test compound in PEM buffer [80 mM PIPES (pH 6.8), 1 mM EGTA, and 1 mM MgCl 2 ] containing 1 mM GTP. To measure the enhancement of polymerization, the microtubule polymerization assay was carried out in 96-well plates at 25 • C, with 1 mg/mL bovine MAP-rich tubulin and the indicated test compound in PEM buffer. Tubulin polymerization was monitored by changes in absorbance at 340 nm [19] .
Statistical Analysis
All assays were performed in triplicate. The results were expressed as mean ± SD (standard deviation) using Student's t test.
Molecular Docking
Molecular docking simulation was carried out using the program AutoDock 4.0.1.34 (version 4.0, Molecular graphics laboratories, La Jolla, CA, USA) with the graphical user interface AutoDock tools (ADT) [20] [21] [22] [23] . The active compounds were docked into (3D) complex of the two biological targets: crystal EGFR (PDB code: 1M17) complexes with erlotinib at 2.6 Å resolution and crystal structure tubulin (PDB: 1SAO) complexes with colchicine at 3.5 Å resolution [19, 21] . The ligand and solvent molecules were removed from the crystal structure to obtain the docking grid and the active site was defined using AutoGrid [22] . The grid box was centered on the center of the ligand from the corresponding crystal structure complexes. The Lamarckian genetic algorithm issued for docking with the following settings: a maximum number of 2,500,000 energy evaluations, an initial population of 50 randomly placed individuals, a maximum number of 37,000 generations, a mutation rate of 0.02, across over rate of 0.80, and an elitism value (number of top individuals that automatically survive) of 1. The ligand was fully optimized inside the binding site during the docking simulations, the conformation with the lowest predicted binding free energy of the most occurring binding modes in erlotinib active pocket was selected and hydrogen atoms were added to the structure using the Molecular Operating Environment (MOE 2012) [23] [24] [25] . Selected active compounds were docked into the active site of the two targets to predict compound binding modes.
Conclusions
Some new derivatives of substituted fluoroquinazolinone (6) (7) (8) and (10a-g) were designed, synthesized and biologically screened as cytotoxic agents against two cancer cell lines MCF-7 and MDA-MBA-231. All these derivatives showed significant cytotoxic activity with variable IC 50 values ranging from 0.28 ± 0.02 µM to 36.57 ± 1.81 µM against the two cell lines. Some compounds-6, 7, 10a, 10c, 10d, 10e and 10f-had better cytotoxic activity on the two cell lines than the reference gefitinib. EGFR assay of the highest active compounds displayed excellent activity comparing to the reference gefitinib. Tubulin polymerization inhibition assay showed good results for these derivatives as cytotoxic agents having an ability to stop mitotic division by inhibition of tubulin polymerization. Molecular docking of the highly active compounds explained the mode of binding of these derivatives. This mode has the same manner as the reference drug in addition to extra hydrogen bonds that formed stronger ligand-receptor interactions. In conclusion, the highest active compounds could be subjected to future optimization and investigation to be effective antitumor drugs.
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